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THE ANALYSIS OF SAMPLES OF MILK REFERRED TO THE GOVERN- 
MENT LABORATORY IN CONNECTION WITH THE SALE OF FOOD 
AND DRUGS ACT. 
BY DR. THOMAS E. THORPE, C.B., F.R.S. 
(Reprodwed in somewhat abridged form from the Journal of the Chenzical Society, 1905, lxxxvii., 206.) 
THE samples of milk submitted to the Government Laboratory under the provisions 
of the Acts are invariably more or less sour when received, and hence it is of im- 
portance to determine whether this fact in any way prevents a, true inference aB to 
the character of the fresh milk, or interferes with the determination of the degree 
of sophistication to which the milk may have been subjected. 
It would appear that bacteria which produce steatolytic enzymes do not develop 
in sour milk to any considerable extent, since the proportion of fat  suffers little, if 
any, alteration during the souring of the milk. Thus, of thirteen samples of genuine 
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milk, the fat in which was determined when fresh and after keeping for periods 
varying from two to fourteen and a half weeks, the largest decrease in fat percentage 
observed was 0.15 (after thirteen weeks), while the average decrease was only 
0.06 per cent. The presence of added water does not affect these results, which 
show that if the fat  in milk suffers any alteration in amount as the milk becomes 
sour, it is too inconsiderable to affect to any substantial extent the experimental 
proof of the validity of any charge based on an alleged deficiency of fat. 
The proportion of non-fatty solids in milk is, however, undoubtedly altered to  
a greater or less extent by the fermentative changes associated with its souring. A s  
is well known, the principal constituent of milk suffering such change in the process 
of souring is the lactose. Lactic acid is produced at  an early stage, the rapidity of 
its formation depending, within limits, upon the temperature. This reaction is pro- 
duced by micro-organisms, ol which there are over 100 kinds capable of effecting the 
change. 
C12H22011,H20 = CGH1206 + CGHI206, and CGHiZOG = 2CH,.CH(OH).COaH 
I t  should be noted that in the usual way of expressing the reaction- 
(dextrose) (galactose) (galactose) 
no loss of weight is involved. Moreover, the lactose is never wholly transformed under 
ordinary conditions into lactic acid and dextrose, generally more than half remaining 
unaffected after a lapse of about eight weeks, although in some exceptional cases 
about 60 per cent. has suffered conversion. The activity of the organisms concerned 
in this change appears to be inhibited when the lactic acid reaches a, certain limit. 
If this were the only change taking place in the souring of milk, the neutraliza- 
tion of the lactic acid by a known weight of strontia and the determination of the 
total weight of milk solids, less the corresponding weight of strontia added, would 
give the equivalent of the solids in the fresh milk. As a fact, however, other changes 
actually do take place, and these involve a slight loss of weight. Thus, a series of 
fifteen experiments showed that the loss in non-fatty solids during two to fourteen and 
a half weeks ranged from 0.24 to 0.87 per cent. for genuine milks, while in the case of 
watered milks the loss amounted to 0.23 to 0.68 per cent. Similar results were 
obtained by the examination of separated and watered separated milks, the loss in the 
latter cases amounting, after a lapse of fifty-five and fifty-seven weeks, to about 1-45 per 
cent. of non-fatty solids. Thus i t  is clear that, concurrently with the formation of 
lactic acid, there are produced substances which are either gaseous at  ordinary 
temperatures, or are volatilized during the operation of determining the solids of 
the milk. Although not large in amount, this loss of weight is sufficient to affect 
any estimation of the degree of sophistication to which the milk may have been 
subjected. 
Butyric acid is a product of the early stages of the souring of milk, although the 
proportion in which it may be formed is probably very small. It is certain that milk 
in which the butyric stage of fermentation has become very pronounced is of relatively 
infrequent occurrence in the samples received for analysis a t  the Government Labora- 
tory. Acetic acid is, however, almost invariably present in these samples, but the 
proportion rarely exceeds 0.2 per cent. a t  the end of one month, although occasional 
samples show almost double this amount. At  the end of two months the proportion 
of volatile acids, calculated as acetic acid, may exceed 0.5 per cent., and in some 
cases the presence of butyric acid now becomes marked at  this period. The precise 
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mechanism of the production of the volatile acids in sour milk is not very clear. 
Butyric acid is generally assumed to be derived from lactic acid, as shown in the 
equation :- 
while acetic acid may arise either from the oxidation of lactic acid, with the simul- 
taneous evolution of carbon dioxide, or from the oxidation of ethyl alcohol, which is 
also an almost invariable constituent of sour milk. For each molecule of acetic 
acid produced there is formed in the one case a molecule each of carbon dioxide and 
of water, and in the other case only a molecuke of water. I n  this latter instance, 
however, a molecule of carbon dioxide has already been lost in the production of the 
alcohol, so that the resultant loss is the Rame in either case. I n  the determination 
of the total solids of the sour milk, any acetic and butyric acids, together with any 
dissolved carbonic acid, are neutralized by the strontia used prior to evaporation, and 
are weighed with the non-fatty solids. The carbon dioxide which has escaped from 
the soured milk before neutralization, and the water and free hydrogen formed 
indirectly from the lactose, are, however, not weighed. 
Ethyl alcohol is almost always formed in quantities, which in the above series 
of experiments ranged from 0.09 to 0.35 per cent. after eight weeks, during the 
fermentative changes which occur in milk under ordinary conditions. Although the 
conversion of lactose into alcohol is not brought about by ordinary yeast, yet certain 
of the Schixomycetes species effect the modification by the production first of dextrose 
and then of alcohol, with elimination of carbon dioxide. If, however, sufficient food 
for the organisms is present, galactose is also completely fermentable, so that the 
reaction in the case of lactose in milk may be expressed thus : 
2CH,+CH(OH).CO2H=CH,(CH~)2.COzH + 2COz + 2Hz ; 
Again, the yeast ferments occasionally present in the market milk of large towns may 
also directly attack the dextrose produced in the sourse of the change from lactose 
t o  lactic acid. I n  any case, the production of one molecule of alcohol corresponds 
to the elimination of one molecule of carbon dioxide, so that the decrease in weight 
in the lactose, due to the production of the volatile alcohol and carbon dioxide, is 
::- times the weight of the alcohol produced. 
Besides ethyl alcohol, there may also be found very small amounts of higher 
alcohols, glycerol, and succinic acid, in a manner analogous to the ordinary alcoholic 
fermentation. The amounts of these products can only be very small, and are 
negligible. Moreover, the higher alcohols produced would be taken account of in 
the analysis, being added to the ethyl alcohol, and any succinic acid would be 
neutralized and weighed with the solids of the milk. 
The possible changes in the proteids of milk during fermentation are profound, 
but do not involve any considerable loss of weight. The ordinary “curdling” of 
milk in the early stages is simply a precipitation of the casein, due to the interaction 
of the lactic or acetic acid with the calcium proteid compound. Proteolytic changes, 
consequent on the development of enzyme-producing bacteria, result in the forma- 
tion of a certain proportion of proteoses and peptones, and, later, of amino-compounds 
such as leucine, lysine and tyrosine; while small quantities of ammonia and amine 
bases may also be produced, The whole of these products, however, with the 
Pu
bl
ish
ed
 o
n 
01
 Ja
nu
ar
y 
19
05
. D
ow
nl
oa
de
d 
by
 U
ni
ve
rs
ity
 o
f B
irm
in
gh
am
 o
n 
31
/1
0/
20
14
 0
8:
46
:0
9.
 
View Article Online
200 THE ANALYST* 
possible exceptions of traces of ammonia and amines, are weighed with the unchanged 
casein and other non-fatty solids in the analysis. On the one hand there may be a 
gain in weight due to the absorption of the elements of water in the hydrolysis of the 
casein molecule, and on the other hand there may be a loss due to the ultimate 
conversion of some of the casein into carbon dioxide, ammonia, and water. 
Experiments in this direction show that, as regards the effect upon the weight of 
the solids, the net result of these changes is usually very small. The total loss of 
solid matter from all causes whatever ranges, as a rule, only from 0.2 to 0-5 per cent., 
and nearly the whole of this is accounted for by the production of alcohol and 
volatile acid from the lactose. Thus in the case of a series of watered and unwatered 
inilks, the deficiency in solids, after allowing for that accounted for by the alcohol 
and volatile acid present, ranged from 0.00 to 0.07 per cent., after six weeks' keeping. 
During eight weeks, a series of experiments showed a production of ammonia and 
amines of 0.001 to 0.012 per cent., equal to a loss of, at  most, 0.006 to 0-075 per cent. 
of proteids. 
An investigation with about 20 gallons of milk was carried out by the author 
and his collaborators, with a view of obtaining further knowledge as to the nature 
and amount of the products formed during the souring of milk under the usual 
conditions. The milk was diluted with one-fourth of its volume of water, placed in 
stoppered bottles, and kept at a mean temperature of 18" C. during a period of ten 
to twelve weeks, At  the end of that time the acid liquid was distilled, the distillate 
made alkaline and re-distilled. The distillation was again repeated, the liquid being 
rendered alternately acid and alkaline, and concentrated by means of a fractionating 
column. After further rectification and distillation, 76.4 grams of practically pure 
ethyl alcohol were recovered, and identified by the usual methods. The solution 
of the sodium salts of the volatile acids was examined, and found to contain a large 
quantity (about 390 grams) of normal butyric acid. Formic acid was absent, but 
acetic acid was identified (116 grams), and traces of propionic acid were probably 
also present. Less than 2 grams of an acid of higher molecular weight than butyric 
acid (possibly a nonoic acid) were obtained, and homologues of this acid were 
probably also present. A reserved portion of the fermented milk, freed from proteids 
and fat, gave on distillation with magnesia a small quantity of volatile bases which 
indubitably consisted very largely of ammonia. Hence, therefore, it may be con- 
sidered proved that by far the greatest portion of the volatile products of the 
fermentation of milk, other than water and carbon dioxide, are ethyl alcohol, acetic and 
butyric acids, and a small quantity of ammonia. A small proportion of higher acids, 
possibly traces of propionic acid and of volatile organic bases, may also be produced. 
The amount of these by-products, in comparison with the main quantities, is so 
small that they are of no practical significance in this connection. 
The great majority of samples dealt with by the referees under the Sale of Food 
and Drugs Acts are only fermented to a relatively small extent, being between three 
and six weeks old, and having undergone a loss of weight, in non-fatty solids, of from 
0.2 to 0.5 per cent. Moreover, it should be borne in mind that in ordinary careful 
determinations of the non-fatty solids in the same sample of fresh milk by different 
persons the results may frequently differ by 0.1 to 0.2 per cent. Thus it may be 
assumed that a determination of this figure to within these limits ia a satisfactory 
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result, especially since an error of 0.1 per cent. only corresponds to about 1 per cent. 
in calculating the amount of added water in a sample. 
The following methods of analysis are employed in the Government Laboratory. 
The “ maceration ” process is used, and the weight of the non-fatty solids and fat is 
independently ascertained in duplicate experiments, while, as a control, a direct 
determination of the total solids is made on a third portion of the milk. 
‘The contents of the sample bottle are transferred to a, suitable vessel and 
thoroughly mixed with a wire whisk. Portions of the sample, about 10 grams in 
each case, are weighed out into flat-bottomed platinum capsules, each of which has 
been tared along with a, short glass rod having a flattened end. All the weighings 
and measurements are independerhly checked by two analysts. The weighed 
quantities are next neutralized with cn solution of strontia, using phenolphthalein as 
indicator, and the measure of strontia used noted. The milk is then evaporated over 
the water-bath until the residue, which towards the end should be dried at a very 
gentle heat and with constant stirring, attains the consistency of dry cheese. About 
20 C.C. of dehydrated ether are next poured over the milk solids, which are then 
carefully triturated with the glass rod. The ethereal solution of the fat is passed 
through a filter, which has previously been dried and weighed in a weighing-bottle, 
and the maceration of the milk is continued with eight successive quantities of ether. 
At  the conclusion of the process the non-fatty solids should be in a fine state of 
division, resembling the precipitated chalk of pharmacy. Before becoming quite 
dry, the solids are transferred as far as practicable to the weighing-bottle; the filter- 
paper, washed free from fat, is replaced in the bottle, and the whole, with the 
platinum capsule containing the small adherent quantity of solids, is dried at 100” C. 
for three hours and then weighed. The weight is again taken after drying for a 
further two hours, and a final confirmatory weighing after another hour. The last 
two weights should not differ by more than a mgm. Deducting 0.00428 gram for 
each 1 C.C. of decinormal strontia used in the neutralization, the result gives the 
amount of non-fatty solids actually present in the quantity of milk taken €or the 
analysis. The ethereal solution of the milk-fat is received in small tared flasks, and 
after distillation of the ether the residue of dried fat is weighed. 
From the judicial standpoint it is obviously desirable that the quantity of any 
constituent on which a legal charge may be based should be determined by direct 
weighing rather than by difference. The ( 6  maceration ” process is the only one 
applicable to sour milks which leaves the residual non-fatty solids in a convenient 
form for accurate weighing. The trustworthiness of the determination of fat by this 
method has been completely established in the Government Laboratory. When 
conducted as described above, practically the whole of the fat is extracted, and is 
obtained in a, form admitting of accurate determination. In  the two following series of 
the results of comparison of the Bell maceration method with other processes, the first 
series was obtained by two analysts working independently, and are typical of forty 
analyses made to compare the (‘ Werner-Schmid ” and “ maceration ” methods ; 
while the second series shows the results of H. D. Richmond’s analyses of fresh milk 
by the ‘( Adams’ coil ” and the (( maceration ” method respectively ; 
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Percentages of Fat. 
Werner-Schmid ... 2.59 2-88 1-91 2.33 1-71 2-73 2.52 2-77 2.86 
Maceration (Bell) 2.59 2.78 1.91 2-15 1-64 2-74 2.53 2.76 2-94 
Werner-Schmid ... 2.02 2-48 3.73 2-73 3.14 8.78 2.55 5.22 2.41 
Maceration (Bell) 2-04 2-48 3.76 2.79 3.18 8.64 2.64 5.18 2.39 
Adams ... ... 4.29 4.59 0.30 2.61 3.09 3.42 3.05 8.21 4.21 
Maceration (Bell) 4.28 4-61 0.19 2.69 3.13 3.45 3.00 8.03 4.16 
The following results (means of fifty-four analyses), carried out by three analysts 
working independently, were obtained on nine samples of fresh milk with a view of 
indicating the variations between the results given by the several methods (Minutes 
of Evidence, Departmental Committee on Milk and Cream Regulations, Blue Book. 
Cd. 484, p. 391) : 
Method. Fat, Per Cent. Method. Fat, Per Cent. 
Adams (dry ether) . . . ... 3.76 ... Maceration (Bell) ... 3.77 
Adams (commercial ether). . . 3.78 . . . Centrifugal ... 3-72 
Werner-Schmid . . . ... 3-88 ... Centrifugal ... 3.72 
Thus the figure yielded by the maceration method is exactly the average of all 
the others, and practically the same as that given by the Adams method. 
For the determination of the alcohol, 50, 75, or 100 grams of the milk are dis- 
tilled, and the distillate re-distilled after being neutralized with decinormal caustic 
soda solution, litmus-paper being used as the indicator. The specific gravity of the 
distillate, made up to the original or other convenient bulk, is determined in a 50-gram 
pycnometer, and the quantity of alcohol corresponding to this specific gravity is 
deduced from a table. The percentage by weight of alcohol, multiplied by :$, 
gives the percentage of lactose which has disappeared in the production of the 
alcohol. The experimental error in the determination of these small quantities of 
alcohol is negligible, since the experience gained in the Government Laboratory shows 
that the differences obtained in successive tests of the same liquid would rarely or 
never exceed 0.00002 in terms of specific gravity, and usually would not be more thaii 
0.00001. The higher of these figures would, in the case of milk, correspond to about 
0.02 per cent. of non-fatty solids. 
The proportion of volatile acid is ascertained by neutralizing 10 grams of the 
milk, contained in a platinum capsule, to the extent of one-half the total acidity 
(previously determined on another portion) with decinormal caustic soda, and a little 
phenolphthalein added. The mixture is then evaporated to dryness on a water-bath 
with frequent stirring, and after treatment with about 20 C.C. of boiling distilled 
water so as to break up and thoroughly detach the milk-solids from the capsule, a 
further addition of decinormal alkali is made, until the neutral point is reached. 
The difference between the original acidity of the milk and that of the evaporated 
portion is regarded as acetic acid. The production of 60 parts of acetic acid denotes 
a loss of 62 parts of the original lactose. 
When it is desired to take account of any butyric acid that may be present, the 
volatile acids are separated by distillation from the quantity of milk that has been 
taken for determining the alcohol. A portion of the mixed aqueous solution of the 
acids is neutralized with baryta-water, evaporated, and dried until the weight is 
Pu
bl
ish
ed
 o
n 
01
 Ja
nu
ar
y 
19
05
. D
ow
nl
oa
de
d 
by
 U
ni
ve
rs
ity
 o
f B
irm
in
gh
am
 o
n 
31
/1
0/
20
14
 0
8:
46
:0
9.
 
View Article Online
THE ANALYST. 203 
constant. From the percentage of barium contained in the mixed salts the propor- 
tions of the two acids are calculated. Each molecule of butyric acid (88 parts) 
denotes a loss of 92 parts of lactose. The loss of lactose due to the formation of 
acetic acid is calculated as before. 
To estimate the small quantity of ammonia formed, 2 grams of the milk are 
made up to a volume of 100 C.C. with distilled water (ammonia-free), and filtered 
through a carefully-washed filter. In  10 C.C. of the clear filtrate, increased to 50 C.C. 
by the addition of ammonia-free distilled water, the ammonia is determined by 
Nessler’s method, using a standard solution of ammonium chloride containing 
0.01 mgm. of ammonia per 1 C.C. 
The folIowing results are typical of those given by the author in the original 
paper. The milks in question are those in which the butyric fermentation did not 
develop to any extent : 
Sample No. Weeks kept. 
r 
I. Actual. 
Per Cent. 
~~ 
11. Calculated from 
Proportions of 
Alcohol, Acid, 
and Ammonia. 
Per Cent. 
Difference between 
Actual and 
Calculated Loss. 
Per Cent. 
1. 
9 9  
$ 9  
$ 9  
5. 
Y 9  
9 9  
6. 
7. 
8. 
9. 
14. 
9 9  
) 9  
1 9  
1. 
2. 
9 9  
1 9  
1. 
9 9  
9 9  
9 )  
TABLE ~.-UNWATERED WHOLE MILKS. 
3 
4 
7 
12 
11 
13 
8 
11 
13 
2 
4 
6 
8 
7+ 
lo& 
0-26 
0-23 
0.36 
0.48 
0.26 
0.49 
0.67 
0.25 
0.27 
0.36 
0.87 
0.19 
0-23 
0.20 
0.30 
0.20 
0.21 
0.34 
0.49 
0.20 
0.49 
0.61 
0.23 
0.35 
0-32 
0.76 
0.16 
0.18 
0.17 
0.20 
TABLE II.-WATERED WHOLE MILKS. 
1. Approximately 10 Per Cent. of Water  added. 
2 
4 
0.18 
0.33 
0.36 
0.51 
0.27 
0.42 
0.33 
0.50 
2. Approximately 25 Per Cent. of Water  added. 
2 
4 
6 
8 
0.13 
0.18 
0-29 
0.23 
0.13 
0.14 
0 22 
0.19 
- 0’06 
- 0.02 
- 0-02 
+ 0.01 
- 0.06 
0.00 
- 0.06 
- 0.02 
+ 0.08 
- 0.04 
- 0.11 
- 0.03 
- 0.05 
- 0.03 
- 0.10 
+ 0.09 
+ 0.09 
- 0.03 
- 0.01 
0.00 
- 0.04 
- 0.07 
- 0.04 
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Loss OF NON-FATTY SOLIDS. 
Butyric Acid. r A \ 
Per Cent. I. Actual. 11. Calculated. 
Per Cent. Per Cent. 
TABLE III.-UNWATERED SEPARATED MILKS. 
4 
6 
8 
6 
0.41 
0.32 
0.31 
0.29 
0.31 
0-33 0.66 0.67 
0.59 1.03 0.95 
0.55 0.86 0.90 
0.23 0.65 0.41 
0.22 
0.13 
0.26 
0.28 
0.20 
3 4 0-17 
9 )  6 0.28 
,, 8 0.66 
- 0.19 
- 0.19 
- 0.05 
- 0.01 
- 0.11 
0.34 0.22 
0.69 0.53 
1-39 1 -10 
TABLE IV.-WATERED SEPARATED MILKS (Approximately 10 Per Cent. Water). 
3 
55 
55 
57 
0.32 
1.47 
1.54 
1.47 
0.24 
1.50 
1-56 
1.50 
- 0.08 
+ 0.03 
+ 0.02 
+ 0.03 
Thus the actual amount of original non-fatty solids may be very closely 
ascertained from the methods described, even although the keeping be very prolonged. 
The difference between the calculated and actual amounts of non-fatty solids is 
usually not greater than that obtained in duplicate determinations made by the same 
operator on fresh milk, and the proportion of added water may be correctly deter- 
mined in fermented milk to within about 1 per cent. To simulate the worst conditions 
that might be found in practice, the 25 per cent. of water added in one series of 
experiments was a much-polluted sample from the old Fleet River. 
The following figures show the results obtained on watered and unwatered milks 
in which butyric fermentation had set in : 
TABLE V. 
Sample No. 
1 
, 9  
2 ,  
2 
Difference. 
Per Cent. 
+ 0.01 
- 0.08 
+ 0.04 
- 0.24 
- 0-12 
- 0.16 
- 0.29 
The occurrence of butyric fermentation to any marked extent is infrequent 
amongst the samples received, but where it has occurred it will be seen from the 
above figures that the original non-fatty solids may be fairly accurately determined. 
Where the decomposition is considerable and much acid has been formed, it is some- 
times difficult, on account of the separated casein, to get the sample into a uniform 
condition for analysis, in which case the examination is not carried out. So far as 
the butyric acid is concerned, however, this constituent may be readily determined 
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on the principle already laid down, namely, by a determination of the proportion of 
barium in the mixed acids. A. R. T. 
Note by Abstractor.-Standard strontia solution is preferred for the neutralization 
of the acidity of milk, because of the tendency of the precipitate to be less flocculent 
and to settle better. Thus the maceration method can be more rapidly carried out, 
and less precipitate finds its way on to the weighed filter-paper. The lower molecular 
weight of strontium also causes less error to be introduced, since any inaccuracy in 
the measurement of the solution has less influence on the amount of base to be 
deducted from the weight of the solids. 
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